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(54) ULTRASONIC GAS CONCENTRATION AND FLOW RATE MEASURING METHOD AND 
APPARATUS THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To find a method and an 
apparatus which can be calibrated by a simple and 
convenient method and measure the concentration and 
the flow rate of a sample gas, irrespective of the 
temperature thereof. 

SOLUTION: The ultrasonic gas concentration and flow 
rate measuring method of measuring the concentration 
and the flow rate of a sample gas, using a ultrasonic gas 
concentration/flow rate measuring apparatus having two 
ultrasonic transducers opposed in a piping for flowing 
the sample gas and a temperature sensor, comprise a 
step of flowing in the piping one kind of calibrating gas 
having a known concentration and a known flow rate, a 
step of measuring the propagation time of an ultrasonic 
wave transmitted from each of the two ultrasonic 
transducers to the other transducer, and a step of 
calibrating a reference length and a reference inner 
diameter of the piping between the ultrasonic 
transducers at once, based on the measurement result 
of the propagation time. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of measuring the concentration and the flow rate of this sample gas using 
the ultrasonic type gas concentration hydrometry equipment possessing two ultrasonic vibrators 
which were made to counter into piping for which sample gas flows, and have been arranged, and 
temperature sensors The step which passes one kind of calibration gas of known concentration and a 
known flow rate in this piping, The step which measures the propagation time until the ultrasonic 
vibrator of another side receives the supersonic wave transmitted from each of two ultrasonic 
vibrators, The ultrasonic type gas concentration hydrometry approach equipped with the step which 
proofreads simultaneously the criteria die length and the criteria bore of this piping that connects 
between ultrasonic vibrators from the measurement result of this propagation time. 
[Claim 2] The approach according to claim 1 of measuring the concentration of sample gas by 
determining the die length of this piping that connects between the ultrasonic vibrators according to 
the measurement temperature of sample gas using the coefficient of linear expansion of this piping 
construction material, and measuring the propagation velocity of a supersonic wave from the 
propagation time until the ultrasonic vibrator of another side receives the supersonic wave 
transmitted from each of the result and two ultrasonic vibrators. 

[Claim 3] The approach according to claim 1 of measuring the flow rate of sample gas by 
determining the die length and the bore of this piping that connects between the ultrasonic vibrators 
according to the temperature of sample gas using the coefficient of linear expansion of this piping 
construction material, and measuring the propagation velocity of a supersonic wave from the 
propagation time until the ultrasonic vibrator of another side receives the supersonic wave 
transmitted from each of the result and two ultrasonic vibrators. 

[Claim 4] How to supply this calibration gas of two kinds of different temperature to this equipment, 
find the die length of this piping that connects between the ultrasonic vibrators in each temperature 
from the propagation time until the ultrasonic vibrator of another side receives the supersonic wave 
transmitted from each of two ultrasonic vibrators, and measure the coefficient of linear expansion of 
this piping construction material from the relation between temperature and the die length of this 
piping, when an exact coefficient of linear expansion of this piping construction material is 
unknown. 

[Claim 5] In two ultrasonic vibrators which are made to counter into piping for which sample gas 
flows, and this piping, arrange, and transmit and receive a supersonic wave, and ultrasonic type gas 
concentration hydrometry equipment equipped with the temperature sensor The propagation time 
until the ultrasonic vibrator of another side receives the supersonic wave transmitted from each of 
this ultrasonic vibrator is calculated. Ultrasonic type gas concentration hydrometry equipment 
characterized by having a storage means to memorize the result of an operation means to calculate 
simultaneously the criteria die length and the criteria bore of piping which connects between 
ultrasonic vibrators from the result, the calculated criteria die length, and a criteria bore. 
[Claim 6] The die length of this piping that connects between the ultrasonic vibrators according to 
the measurement temperature of sample gas is calculated using the coefficient of linear expansion of 
this piping construction material. The propagation velocity of a supersonic wave is calculated from 
the result of an operation of the propagation time until the ultrasonic vibrator of another side receives 
the supersonic wave transmitted from each of the result and two ultrasonic vibrators. Ultrasonic type 
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gas concentration hydrometry equipment according to claim 5 characterized by having an operation 
means to calculate the concentration of this sample gas from this propagation velocity. 
[Claim 7] The die length and the bore of this piping that connects between the ultrasonic vibrators 
according to the measurement temperature of sample gas are calculated using the coefficient of 
linear expansion of this piping construction material. The propagation velocity of a supersonic wave 
is calculated from the result of an operation of the propagation time until the ultrasonic vibrator of 
another side receives the supersonic wave transmitted from each of the result and two ultrasonic 
vibrators. Ultrasonic type gas concentration hydrometry equipment according to claim 5 
characterized by having an operation means to calculate the flow rate of this sample gas. 
[Claim 8] Supply this calibration gas of two kinds of different temperature to this equipment, and the 
die length of this piping that connects between the ultrasonic vibrators in each temperature from the 
result of an operation of the propagation time until the ultrasonic vibrator of another side receives the 
supersonic wave transmitted from each of two ultrasonic vibrators is calculated. Ultrasonic type gas 
concentration hydrometry equipment according to claim 5 characterized by having temperature, an 
operation means to calculate the coefficient of linear expansion of this piping construction material 
from the relation of the die length of this piping, and a storage means by which this coefficient of 
linear expansion is memorizable. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment which measures the concentration 
and the flow rate of sample gas with a supersonic wave. It is related with the equipment suitable for 
the oxygen density in the sample gas sent out from the oxygen enricher furthermore used for a detail 
for example, for the medical object, and measurement of a flow rate. 
[0002] 

[Description of the Prior Art] It is known widely that the propagation velocity of the supersonic 
wave which spreads the inside of sample gas is expressed as a function of the concentration of 
sample gas and temperature. The ultrasonic propagation velocity C [m/sec] in T [K], then sample gas 
has the average molecular weight of sample gas expressed with M, and temperature is expressed 
with a formula (1). 
[0003] 
[Equ ation 1 ] 



* (1 ) 



[0004] Here, k and R are constants (the ratio of the kxonstant product molar heat and the constant- 
pressure molar heat, R: gas constant). That is, if the ultrasonic propagation velocity C in sample gas 
[m/sec] and temperature [ of sample gas ] T [K] can be measured, the average molecular weight M 
of sample gas can be determined. 

[0005] For example, if it is gas by which this sample gas consists of dyad [ of oxygen and nitrogen ], 
being set to k= 1 .4 is known. The average molecular weight M of this sample gas can set molecular 
weight of M02 and nitrogen to MN2, for example, in oxygen lOOxP [%], and (0<=P<=1) and 
nitrogen lOOx [%] (1-P), can describe the molecular weight of oxygen to be M==M02 P+MN2 (1-P), 
and can determine an oxygen density P from the measured average molecular weight M. Moreover, 
when the ultrasonic propagation velocity in sample gas is [ the rate of flow of C [m/sec] and sample 
gas ] V [m/sec], The ultrasonic propagation velocity VI [m/sec] measured when a supersonic wave 
is transmitted to the forward direction to the flow of sample gas Since the ultrasonic propagation 
velocity V2 [m/sec] measured when a supersonic wave is transmitted to V1=C+V and hard flow 
serves as V2 =C-V, it can ask for rate-of-flow [ of sample gas ] V [m/sec] by the formula (2). 
[0006] 



[Equation 2] 



3ES (2) 



[0007] By multiplying this by the inner area [m2] of piping for which sample gas is flowing, the 
flow rate [m3/sec] of sample gas can be calculated. If volume conversion and time amount 
conversion are furthermore performed, it is also easy to calculate a flow rate by [L/min]. 
[0008] This principle is used and various proposals are performed about the approach and equipment 
which measure the concentration of sample gas, and a flow rate from the propagation velocity or the 
propagation time of the supersonic wave which spreads the inside of sample gas. For example, to 
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JP,6-213877,A, two ultrasonic vibrators are made to counter into piping along which sample gas 
passes, it arranges, and the equipment which measures the concentration and the flow rate of sample 
gas is indicated by measuring the propagation time of the supersonic wave which spreads between 
these ultrasonic vibrators. Moreover, the equipment which measures the concentration of sample gas 
is indicated by JP,7-209265,A and JP,8-233718,A by measuring the propagation velocity or the 
propagation time of a supersonic wave which spreads the inside of sensing area by the acoustic wave 
reflective method which used one ultrasonic vibrator. 
[0009] 

[Problem(s) to be Solved by the Invention] In the approach and equipment which measure the 
concentration of sample gas, and a flow rate using the propagation velocity of such a supersonic 
wave etc., the die length and the bore of piping which connects between ultrasonic vibrators must be 
determined as accuracy. However, working accuracy and installation precision at the time of the die 
length and the bore of this piping creating piping for which sample gas flows, By substantial change 
of the die length and the bore of piping by the temperature change of piping accompanying the 
installation precision of an ultrasonic vibrator, the process tolerance of the ultrasonic vibrator itself, 
and the temperature change of sample gas etc. It is difficult to grasp the exact die length of piping 
which connects between ultrasonic vibrators, i.e., the propagation distance of a supersonic wave, and 
a bore, and has become the cause of worsening the precision of measured value. Elsewhere there is 
the temperature characteristic in the electronic circuitry which equipment has, and it is also pointed 
out that it may become the cause by which this worsens the precision of measured value. 
[0010] In order to improve the temperature characteristic of the density measurement result resulting 
from various factors, the approach of introducing a temperature compensation multiplier is indicated 
by above-mentioned JP,6-213877,A and above-mentioned JP,8-233718,A. There is also a method of 
saving beforehand the relation between temperature, ultrasonic propagation velocity, and 
concentration in memory as a table in inside. However, since the method of supplying sample gas to 
equipment in the temperature of numbers of points, and searching for the temperature characteristic 
of equipment experientially, in order to ask for these temperature compensation multipliers and 
tables itself was taken, the great effort was required for proofreading of equipment. 
[001 1] Moreover, the approach of always maintaining equipment itself at constant temperature under 
a temperature control, and measuring it as an approach of abolishing the temperature characteristic 
of a measurement result, is also devised. However, there was a trouble of [ equipment / for carrying 
out a temperature control in this approach ] difficulty in the exact control of the need and 
temperature itself separately. 

[0012] This invention can perform proofreading of equipment by the simple approach, and aims at 
finding out the approach which is not concerned with the temperature of sample gas but can measure 
exact concentration and a flow rate, and equipment. 
[0013] 

[Means for Solving the Problem] In order to attain this object, as a result of inquiring 
wholeheartedly, the temperature characteristic which appears in the measurement result of 
equipment finds out this invention persons as change of the die length of piping accompanying a 
temperature change and a bore is the cause of main. Change of this piping length especially has 
serious effect on the measurement result of sample gas concentration. That is, it is the propagation 
time of a supersonic wave which is measured from the supersonic wave transmitted and received 
from two ultrasonic vibrators made to counter, and in case it measures concentration from this 
propagation time, it needs to ask for propagation velocity using the distance (the die length of piping 
which connects between ultrasonic vibrators) which the supersonic wave spread. Since there is a 
temperature change in the die length of piping actually when the die length of piping between 
ultrasonic vibrators is calculated at this time noting that it is fixed in all temperature, it becomes a 
value which is different in the propagation velocity measured being actual, and a density 
measurement result will have the temperature characteristic. 

[0014] Moreover, in case a flow rate (for example, Q [m3/sec]) is calculated from the rate of flow (V 
[m/sec]) of the sample gas which flows under piping, since there is a temperature change also in the 
bore of piping, a hydrometry result as well as the die length of piping between ultrasonic vibrators 
will have the temperature characteristic at the time of hydrometry. 
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[0015] The die length of this piping and the temperature change of a bore change according to the 
coefficient of linear expansion [1/K] of piping construction material, if they can specify the criteria 
die length of this piping in the coefficient of linear expansion and the specific temperature of piping 
construction material, and a bore, they can ask for the die length of piping which connects between 
the true ultrasonic vibrators in the temperature at the time of sample gas determination, and a bore, 
and are not concerned with the temperature of sample gas, but can measure exact concentration and a 
flow rate. 

[0016] By the simple approach, this invention asks accuracy for the criteria die length and the bore 
of piping between the ultrasonic vibrators in specific temperature, asks for the die length and the 
bore of piping between the ultrasonic vibrators in the temperature at the time of sample gas 
determination using criteria die length, a criteria bore, and the expansion coefficient of piping 
construction material, and offers the approach which is not concerned with the temperature of 
sample gas but can measure exact concentration and a flow rate, and equipment. Furthermore, this 
invention offers the approach of making it possible to ask accuracy for the coefficient of linear 
expansion of piping construction material, and equipment, when an exact coefficient of linear 
expansion of piping construction material is unknown. 

[0017] Namely, this invention is set to the approach of measuring the concentration and the flow rate 
of this sample gas using the ultrasonic type gas concentration hydrometry equipment possessing two 
ultrasonic vibrators which were made to counter into piping for which sample gas flows, and have 
been arranged, and temperature sensors. The step which passes one kind of calibration gas of known 
concentration and a known flow rate in this piping, The step which measures the propagation time 
until the ultrasonic vibrator of another side receives the supersonic wave transmitted from each of 
two ultrasonic vibrators, The ultrasonic type gas concentration hydrometry approach equipped with 
the step which proofreads simultaneously the criteria die length and the criteria bore of this piping 
that connects between ultrasonic vibrators from the measurement result of this propagation time is 
offered. 

[0018] Moreover, this invention determines the die length of this piping that connects between the 
ultrasonic vibrators according to the measurement temperature of sample gas especially using the 
coefficient of linear expansion of this piping construction material. By measuring the propagation 
velocity of a supersonic wave from the propagation time until the ultrasonic vibrator of another side 
receives the supersonic wave transmitted from each of the result and two ultrasonic vibrators The die 
length and the bore of this piping that connects between the ultrasonic vibrators according to the 
temperature of the approach of measuring the concentration of sample gas and sample gas are 
determined using the coefficient of linear expansion of this piping construction material. By 
measuring the propagation velocity of a supersonic wave from the propagation time until the 
ultrasonic vibrator of another side receives the supersonic wave transmitted from each of the result 
and two ultrasonic vibrators, the approach of measuring the flow rate of sample gas is offered. 
[0019] Moreover, when an exact coefficient of linear expansion of piping construction material is 
unknown, this invention supplies this calibration gas of two kinds of different temperature to this 
equipment, finds the die length of this piping that connects between the ultrasonic vibrators in each 
temperature from the propagation time until the ultrasonic vibrator of another side receives the 
supersonic wave transmitted from each of two ultrasonic vibrators, and offers the approach of 
measuring the coefficient of linear expansion of this piping construction material from the relation 
between temperature and the die length of this piping. 

[0020] Moreover, this invention is set to two ultrasonic vibrators which are made to counter into 
piping for which sample gas flows, and this piping, arrange, and transmit and receive a supersonic 
wave, and ultrasonic type gas concentration hydrometry equipment equipped with the temperature 
sensor. The propagation time until the ultrasonic vibrator of another side receives the supersonic 
wave transmitted from each of this ultrasonic vibrator is calculated. The ultrasonic type gas 
concentration hydrometry equipment characterized by having a storage means to memorize the result 
of an operation means to calculate simultaneously the criteria die length and the criteria bore of 
piping which connects between ultrasonic vibrators from the result, the calculated criteria die length, 
and a criteria bore is offered. 

[0021] Moreover, this invention calculates the die length of this piping that connects between the 
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ultrasonic vibrators according to the measurement temperature of this sample gas using the 
coefficient of linear expansion of this piping construction material. The propagation velocity of a 
supersonic wave is calculated from the result of an operation of the propagation time until the 
ultrasonic vibrator of another side receives the supersonic wave transmitted from each of the result 
and two ultrasonic vibrators. The ultrasonic type gas concentration hydrometry equipment according 
to claim 5 characterized by having an operation means to calculate the concentration of this sample 
gas from this propagation velocity, Or the die length and the bore of this piping that connects 
between the ultrasonic vibrators according to the measurement temperature of sample gas are 
calculated using the coefficient of linear expansion of this piping construction material. The 
propagation velocity of a supersonic wave is calculated from the result of an operation of the 
propagation time until the ultrasonic vibrator of another side receives the supersonic wave 
transmitted from each of the result and two ultrasonic vibrators. The ultrasonic type gas 
concentration hydrometry equipment characterized by having an operation means to calculate the 
flow rate of this sample gas is offered. 

[0022] Furthermore, this invention supplies this calibration gas of two kinds of different temperature 
to this equipment. The die length of this piping that connects between the ultrasonic vibrators in each 
temperature from the result of an operation of the propagation time until the ultrasonic vibrator of 
another side receives the supersonic wave transmitted from each of two ultrasonic vibrators is 
calculated. The ultrasonic type gas concentration hydrometry equipment characterized by having 
temperature, an operation means to calculate the coefficient of linear expansion of this piping 
construction material from the relation of the die length of this piping, and a storage means by which 
this coefficient of linear expansion is memorizable is offered. 
[0023] 

[Embodiment of the Invention] An example is shown below. In this example, the equipment which 
measures the oxygen density and flow rate of the sample gas which consists of dyad [ of oxygen and 
nitrogen ] is shown. The sample gas which can be measured by this invention is not limited only to 
the sample gas which consists of oxygen shown in this example, and nitrogen, and can be easily 
applied also to the gas constituted with other molecules. 

[0024] The schematic diagram of the equipment configuration of the ultrasonic type gas 
concentration hydrometry equipment of this invention is shown in drawing 1 . The piping 1 of a part 
which ties two ultrasonic vibrators 2 is carrying out the shape of a cylindrical shape, and an 
ultrasonic vibrator 2 is made to counter into the piping 1 for which sample gas flows, and it arranges 
it. A temperature sensor 3 is arranged near [ two ] the entrance of sample gas so that flow of the gas 
on an ultrasonic propagation path may not be disturbed. It enables it to measure the mean 
temperature of the sample gas which flows piping 1 by arranging two temperature sensors 3 in the 
entrance of piping 1. ******[ the number of temperature sensors 3 / one ] when the temperature 
change of sample gas is not large. 

[0025] Transmission and reception of a supersonic wave are possible for two ultrasonic vibrators 2 
respectively, and the change of transmission and reception is carried out with the transceiver change 
vessel 4. 

[0026] In case the criteria die length L0 of the piping 1 between ultrasonic vibrators and the criteria 
bore DO are proofread, the gas of oxygen density lOOxP [%] and nitrogen lOOx (1-P) [%] is prepared 
with a gas bomb etc. as calibration gas, and it supplies to piping 1 by flow Q 0 [m3/sec] using a flow 
rate setter etc. At this time, the temperature TO [K] which averaged the output of two temperature 
sensors 3 is measured, and it saves by making this temperature into reference temperature at 
nonvolatile memory 9. If the temperature TO at this time [K] does not deviate from the temperature 
set up as operating temperature limits of equipment, it may be anything [K]. 

[0027] A pulse voltage is impressed to the ultrasonic vibrator 2 chosen so that the transmitted pulse 
of a supersonic wave might be transmitted to a driver 5 and a supersonic wave might be transmitted 
to the flow and the forward direction of calibration gas with delivery and the transceiver change 
vessel 4 from a microcomputer 7 during this calibration gas charge, and a supersonic wave is 
transmitted. The supersonic wave received with another ultrasonic vibrator 2 is inputted into a 
microcomputer 7 through the transceiver change machine 4 and a receiver 6, and the ultrasonic 
propagation time tl [sec] is measured. After this propagation time tl [sec] is measured, with the 
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transceiver change vessel 4, transmission and reception of an ultrasonic vibrator 2 are changed, a 
supersonic wave is shortly transmitted to the flow and hard flow of calibration gas, and the ultrasonic 
propagation time t2 [sec] is measured like the point. The relation of the two ultrasonic propagation 
times is set to tl<t2 at this time. Here, t0= (tl+t2) / 2 are calculated as the ultrasonic propagation 
time tO [sec] in case the flow rate in this piping is zero. 

[0028] The ultrasonic propagation velocity CO [m/sec] in oxygen density lOOxP [%], nitrogen lOOx 
(1-P) [%], and the gas of temperature TO [K] becomes like the following formulas (3) using the 
above-mentioned formula (1). 
[0029] 

[Equa tion 3] 



kRTo 



taP + IM1-P) a(3) 



[0030] The following relation will be materialized if the criteria die length of the piping 1 which 
connects between the ultrasonic vibrators in reference temperature TO [K] is set to L0 [m], since the 
ultrasonic propagation time measured when this calibration gas was supplied was tO [sec]. 
[0031] 

[Equation 4] 



kRTo 



««P*II«(1-P) ^4) 



[0032] That is, the criteria die length L0 [m] in reference temperature TO [K] can be found by the 

following formulas (5). 

[0033] 

[Equati on 5] 

V K02P + toe(l-P) ^ (5) 



[0034] The above-mentioned count is carried out in a microcomputer 7, and the criteria die length L0 
[m] found here is saved at nonvolatile memory 9. 

[0035] Furthermore, this criteria die length L0 is used, and the ultrasonic propagation velocity V02 
[m/sec] measured when a supersonic wave is transmitted to the ultrasonic propagation velocity V01 
[m/sec] and hard flow which are measured when a supersonic wave is transmitted to the forward 
direction to the flow of calibration gas is set to V01=L0/tl and V02=L0/t2, respectively. That is, the 
rate of flow V0 of the flowing calibration gas [m/sec] can ask for under piping 1 by the following 
formulas (6) using the above-mentioned formula (2). 
[0036] 



[Equation 6] 



5S (6) 



[0037] In case the rate of flow [m/sec] is converted into a flow rate [m3/sec], the following relation 
will be materialized if the criteria bore of the piping 1 which connects between the ultrasonic 
vibrators in reference temperature TO [K] is set to DO [m] that what is necessary is just to multiply 
the rate of flow V by the inner area [m2] of piping 1 . 
[0038] 
[Equation 7] 



3 C7 ) 



[0039] That is, it can ask for the criteria bore DO [m] in reference temperature TO [K] by the 

following formulas (8). 

[0040] 
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[Equati on 8] 



V xVc 



Do = 2 1( 

^Vo a(8) 

[0041] The above-mentioned count is carried out in a microcomputer 7, and the criteria bore DO [m] 
for which it asked here is saved at nonvolatile memory 9. 

[0042] The criteria die length L0 [m] and the criteria bore DO [m] of the piping 1 which connects 
between the ultrasonic vibrators in temperature TO [K] with supplying one kind of calibration gas of 
known concentration and a known flow rate to equipment by the above approach can be proofread 
simultaneously. While supplying calibration gas to equipment, it is realizable only by pushing once 
the carbon button with which equipment was equipped, and since the count itself is simple, this 
approach can finish proofreading in an instant. Moreover, when the physical relationship of an 
ultrasonic vibrator 2 changes and the propagation distance of a supersonic wave has changed with 
the long term deterioration of equipment etc., it is possible to update the reference temperature which 
reproofread equipment simply and was saved at nonvolatile memory 9, criteria die length, and a 
criteria bore. 

[0043] Then, how to measure the oxygen density of the sample gas of strange concentration and a 
strange flow rate and a flow rate is described, when coefficient-of- linear-expansion [ of the 
construction material of this piping 1 ] alpha [1/K] is known, die-length LS [m] of the piping 1 in the 
temperature TS at the time of sample gas determination [K] can be calculated from a degree type (9) 
by carrying out reading appearance of the criteria die length L0 [m] and reference temperature TO 
[K] which were saved at nonvolatile memory 9, and using them. 
[0044] 
[Equation 9] 

Ls = Lo(1 + a (T s -To)) SC (9) 

[0045] TS [K] averages and asks for the output of two temperature sensors 3 as mentioned above 
here. 

[0046] A pulse voltage is impressed to the ultrasonic vibrator 2 chosen so that the transmitted pulse 
of a supersonic wave might be transmitted to a driver 5 and a supersonic wave might be transmitted 
to the flow and the forward direction of sample gas with delivery and the transceiver change vessel 4 
from a microcomputer 7 during this sample gas charge, and a supersonic wave is transmitted. The 
supersonic wave received with another ultrasonic vibrator 2 is inputted into a microcomputer 7 
through the transceiver change machine 4 and a receiver 6, and the ultrasonic propagation time tSl 
[sec] is measured. After this propagation time tSl [sec] is measured, with the transceiver change 
vessel 4, transmission and reception of an ultrasonic vibrator 2 are changed, a supersonic wave is 
shortly transmitted to the flow and hard flow of sample gas, and the ultrasonic propagation time tS2 
[sec] is measured like the point. And tS0= (tSl+tS2) / 2 are calculated as the ultrasonic propagation 
time tSO [sec] in case the flow rate in this piping is 0. From this result, it can ask for the ultrasonic 
propagation velocity CS in sample gas [m/sec] from CS =LS/tS0. 

[0047] If a formula (3) is transformed by making the oxygen density PS asking into an unknown, a 

degree type (10) will be obtained. 

[0048] 

[Equation 10] 
P, = — & 

3 cio) 

[0049] From a top type (10), the oxygen density of sample gas can be measured as lOOxPS [%]. Or 
the oxygen density of sample gas can also be asked as a ratio of the ultrasonic propagation velocity 
in sample gas, and the ultrasonic propagation velocity in gas of 100% of oxygen, and 100% of 
nitrogen. That is, if a formula (1) is used, it can ask for the ultrasonic propagation velocity CO 2 
[m/sec] in 100% of oxygen in temperature TS [K], and the ultrasonic propagation velocity CN2 in 
100% of nitrogen [m/sec] easily, they use the ultrasonic propagation velocity CS in sample gas 
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[m/sec], and can calculate PS by the following formulas (11). 
[0050] 

[Equation 1 1^) 



1 1 

— 2~ ~ — 5* 
C02 CH2 



a (11) 



[0051] The above-mentioned count is carried out in a microcomputer 7, and a density measurement 
result is displayed on a drop 8. 

[0052] As opposed to the flow of the sample gas measured with LS calculated previously at the time 
of hydrometry The forward direction, The ultrasonic propagation velocity VS 1 measured using the 
ultrasonic propagation times tS 1 and tS2 in hard flow when a supersonic wave is transmitted to the 
forward direction to the flow of sample gas [m/sec] It can ask for the ultrasonic propagation velocity 
VS 2 [m/sec] measured when a supersonic wave is transmitted to hard flow by VSl^LS/tSl and 
VS2=LS/tS2, respectively, and it can search for [ formula / (6) ] the rate of flow VS of sample gas 
[m/sec] from a degree type (12). 
[0053] 



[Equation 12] 



A (12) 



[0054] In case the rate of flow VS [m/sec] is converted into flow Q S [m3/sec], it is necessary to ask 
for the inner area of piping 1. The inner area SS of piping 1 [m2] can read the criteria bore DO [m] 
and reference temperature TO [K] which were saved at nonvolatile memory 9, and can ask for them 
by the degree type (13) from coefficient-of-linear-expansion [ of the construction material of piping 
1 ] alpha [1/K]. 
[0055] 

[Equation 13] 

^ 2 J a (1J) 

[0056] The temperature TS here [K] is the same as TS at the time of density measurement. That is, 

flow Q [ of sample gas ] S [m3/sec] can be measured by the degree type (14). 

[0057] 

[Equation 14] 

Qs = V 5 S S 3 (14) 

[0058] The above-mentioned count is carried out in a microcomputer 7, and a hydrometry result is 
displayed on a drop 8. 

[0059] By the above, when coefficient-of-linear-expansion [ of the construction material of piping 
1 ] alpha [1/K] is known, the oxygen density of sample gas and a flow rate can be measured. 
[0060] Exact coefficient-of-linear-expansion [ of piping 1 ] alpha [1/K] is able to ask accuracy for 
coefficient of linear expansion alpha using this equipment, in being strange. That is, if the die length 
of the piping 1 in two different temperature can be found, it is possible to specify coefficient of 
linear expansion alpha, and in two different temperature, it is easily possible by using the approach 
of proofreading the criteria die length of the piping 1 of this equipment to ask accuracy for the die 
length of the piping 1 in two temperature. 

[0061] In a detail, the die length LI [m] of the piping 1 which connects between ultrasonic vibrators 
by the proofreading approach of the criteria die length which threw equipment into the bottom of the 
environment of a certain temperature Tl [K] at equipment, and mentioned calibration gas above is 
measured more. Furthermore, in temperature T2 [K] (T2 !=T1), the die length L2 of piping 1 [m] is 
measured similarly. In order to specify coefficient of linear expansion alpha with a sufficient 
precision, the larger one of the temperature gradient of Tl and T2 is good. For example, it is 
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desirable to measure [ the minimum value of the temperature set up as operating temperature limits 
of equipment and near the maximum ]. 

[0062] If Tl, LI, T2, and L2 can be determined, it can ask for coefficient-of-linear-expansion [ of 

the construction material of piping 1 ] alpha [1/K] by the degree type (15) as T1<T2. 

[0063] 

[Equation 15] 

a = L2 " L1 

L1CT2-TO j (15) 

[0064] The above-mentioned count is carried out in a microcomputer 7, and coefficient-of-linear- 
expansion alpha [1/K] for which it asked here is saved at nonvolatile memory 9. 
[0065] Accuracy can be asked for the coefficient of linear expansion alpha of the construction 
material of piping 1 by supplying one kind of calibration gas to equipment in two different 
temperature by the above-mentioned approach. Since it is realizable only by easy measurement and 
count, this approach can update the coefficient of linear expansion which remeasures an exact 
coefficient of linear expansion simply by the long term deterioration of the construction material of 
piping 1 etc. when the coefficient of linear expansion of the construction material of piping 1 has 
changed, and is saved at nonvolatile memory 9. 

[0066] As mentioned above, without using the special equipment for proofreading etc. according to 
this invention, if the measuring device itself and one kind of calibration gas are prepared, 
proofreading of equipment is possible. Moreover, when equipment carries out long term 
deterioration, it becomes possible to reproofread equipment simple. Furthermore, it is not concerned 
with the temperature of sample gas, but becomes measurable about exact concentration and a flow 
rate. 



[Translation done.] 
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